The dinoflagellate Alexandrium pseudogonyaulax is widely distributed around the world including the Mediterranean waters. The objectives of this study were to determine the morphology and phylogenic affiliation of A. pseudogonyaulax strain isolated from Bizerte Lagoon (Mediterranean waters, Tunisia) and investigate its toxicity. Molecular analyses confirmed the morphological identification of the isolated strain (APBZ12) as A. pseudogonyaulax. Moreover, it showed that it is 100% identical with strains of this species found in New Zealand, Japan, China and North Sea (Norway and Denmark) suggesting that this species is cosmopolitan. Until now, no toxin studies have been conducted on fully characterized (morphologically and molecularly) A. pseudogonyaulax. Cellular toxin production was determined using high pressure liquid chromatography coupled to mass spectrometry (HPLC/MS). Results showed for the first time that A. pseudogonyaulax contains goniodomin A (GDA), a highly toxic macrolide polyether previously shown to be produced by two other dinoflagellate species Alexandrium monilatum (Hsia et al., 2006) and Alexandrium hiranoi (erroneously identified as A. pseudogonyaulax in Murakami et al., 1988) in American and Japanese waters, respectively. This biologically active toxin has been associated over decades with fish mortality. Our study showed that the cell extracts of APBZ12 showed an important bioactivity using GH4C1 rat pituitary cytotoxicity bioassay.
Molecular identification and phylogeny 133

DNA extraction and PCR 134
Total genomic DNA was extracted from the strain APBZ12 (centrifuged pellets of 100 ml 135 cultures; 60 cell.ml -1 ) using the classical phenol-chloroform method (Sambrook et al., 1989) . 136 Cellular material was released by enzymatic lysis using proteinase K digestion. The DNA was 137 separated from protein by phenol:chloroforme:isoamyl alcohol (25:24:1) extraction then 138 extracted using chloroform:isoamyl alcohol (24:1). The separation of the aqueous and organic 139 phases was performed by centrifugation. The aqueous phase contains the DNA which was 140 ultimately recovered in solid form as a result of precipitation in ethyl alcohol. DNA was then 141 resuspended on ultra pure water. For PCR, the oligonucletide primers and methods used were 142 those described in Nézan et al. (2014) . 143 M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
Phylogeny 145
For the phylogenetic analysis, the sequence of the Bizerte strain (APBZ12) was aligned 146 together with 41 LSU sequences of other Alexandrium species and one sequence of 147
Goniodoma polyedricum (as outgroup) retrieved from GenBank using the multiple sequence 148 alignment program MUSCLE version 3.7 (Edgar, 2004). The alignment was refined by eye. 149
The data matrix obtained (42 LSU rDNA sequences, 657 characters) was analyzed by two 150 methods of phylogenetic reconstruction: maximum likelihood (ML), using PhyML v. with different morphologies were incubated to ensure the reliability of our determination of A. 227 pseudogonyaulax cysts (Fig. 2 ). RCs were slightly spherical with one flattened side ( Fig. 2A,  228 B). Cyst content was mostly dark and vesicular (Fig. 2C) . We also observed clear cysts with 229 brownish-yellow vesicular content (Fig. 2D) with the characteristic red body of Alexandrium 230 species. The cyst wall can be paratabulated or smooth, thin or large (Fig. 2E, F, G) . Cysts may 231 produce a diploid planomeiocyst, or two or four haploid vegetative cells (Fig. 2H, I , J, K). 232
Cysts diameter ranged from 40 to 72.5 µm (n = 200) with an average of 62.5 µm (SE ± 3.65). 233
Laboratory produced cysts had vesicular dark content (Fig. 2P) . 234
Excysted vegetative cells of A. pseudogonyaulax are thecate, medium to large in size, 235 irregularly pentagonal-shaped with moderate dorso-ventral flattening. Cells are wider than 236 long; the epitheca is slightly shorter than the hypotheca (Fig. 2M) . Mean width ranged 237 between 40.9 µm and 46.9 µm (Zmerli Triki et al., 2014). In the culture, smaller cells were 238 identified as gametes while larger ones corresponded to planozygotes with two longitudinal 239 flagella (Fig. 2N, O) . The examination of the plate formula of the strain APBZ12 attested of The phylogeny inferred from LSU rDNA showed that all these sequences clustered in a 252 highly supported clade which indicated that the LSU of the strain from Bizerte lagoon is 253 identical to the strains also found in New Zealand, Japan, China and in North Sea (Norway 254 and Denmark) (Fig. 4) . 255 
CONCLUSION 326
We have demonstrated that A. pseudogonyaulax produces the toxic compound goniodomin A. 327
This toxin is similar to that produced by A. monilatum and A. hiranoi developing in 328 contrasting marine systems. We also showed that the mass extract of APBZ12 was highly 329 bioactive which suggest a possible lethal effect on fishes in situ when algal cells are disrupted. 330
Further studies have to focus on the ecology and population dynamic of this species to better 331 understand the main environmental factors regulating its development in situ. 332
Ecophysiological studies have to investigate the modulation of the production of GDA by the 333 environmental factors such temperature, salinity and nutrients (organic and inorganic nitrogen 334 and phosphate). Because of the demonstrated bioactivity of GDA from APBZ12, it will be 335 interesting to investigate the effect of this toxin on the major component of eleutheroschisis 336
where a vegetative cell sheds its theca when settling on surface sediment, thereafter the 337 resulting temporary cyst divides the marine ecosystem as fishes, mollusks and zooplankton 338 and to highlight the transfer of this potent toxin to high trophic levels. 
